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Sue to the rapid developzaent of tur'boeiiperchareed 
engine Installatl one , oon6ideraT}le confuBlon has arisen 
regarding the proper .method of testing and of interpret- 
ing the teet results. A standardlased test code Is cer- 
tainly undeslra'ble at this time, hut a record of the ac- 
cumulated ezperlenoea of various engineers expressed in 
the form of a "ReDommended Procedure" may "be helpful* It 
may assist in avoiding certain pitfalls and serve as a 
point of departure for Improred techniques and equipment. 
In the spirib of providing such a record, and with no 
thought to limit or oppose the test procedures now in use 
In Various engineering organizations, this report is pre- 
sented. 

Members of the Subcdpult t ee on Recovery of Fowex from 
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While many men and organizations have contributed 
generously in the preparation of this study, the Suh- 
commlttee on the Recovery of Power from Exhaust Gas 
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four men who prepared the final draft of this report. 
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RICOMMSNDED TVST PROCEDURE TOR AIRORATT BNaiNl 
lURBOSnPE^CHAROBR POWER PLAESS 
By BACA Sulaoommlttee on RecoTery of Power from Bxhaust Oas 

I. IBTRODUCTIOB 

This procedure le deelgned to provide f03^ the air- 
craft » engine I tur'boeuper charger manuf aoturera , and other 
Interested groups a guide for Insbrument Ing, testing, 
and presenting the over-all characteristics of any engine- 
turho supercharger installatl on. 

Primarily, a turhosupercharger and an engine are 
jnechanlsms for maintaining and utilizing a weight flow 
of air. The power delivered "by the engine depends di- 
rectly on the weight of conbustlhle charge consumed per 
unit time; and the usefulness of the turhosupercharger 
is measured "by its ahllity to provide the necessary air 
weight flow. Thus, the only hond hetween the two com- 
ponents of the system Is air flow; and air flow Is the 
only satisfactory means for relating, testing, and de- 
scribing the performance of a tvrhosupercharger-engine 
comhlnatlon. The particular significance of this fact, 
with regard to flight test planning, Is clear. Adequate 
means for determining the air flow through the compres- 
fior, the engine, and the turhosuperoharger must he made 
avallahle. 'This may he done hy calibrating .the engine, 
the carburetor, or providing venturi meters or survey 
rakes In the Intake ducts. The best method is to employ 
meters; however.- particular Installations Jnay preclude 
their use. Air-flow determination must be deliberately • 
and carefully provided for» 

Experience has shown that too often the wrong kind 
of data Is taken because of lack- of preflight planning, 
appreciation of the problems Involved, goals to be at- 
tained, and Inadequate Inst rumenbatl on. In general, It 
will require lees than half as many conditions or points 
to establish a curve where specific variables are con- 
trolled as are required when only random observations are 
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made. Thus, actually » 00X18140X81)16 time and expense may 
"be saved in the long run if well-oont rolled test condi- 
tions are maintained. 

By olosely adhering to the test procedure the ahove 
pitfalls may he eliminated and the maximum amount of use-* 
ful and essential information will he ohtained at a min- 
imum of flight time and expense. 



II. PURPOSE 



Ihe purpose of this procedure i? to point out general 
methods of conducting and analyzing testfl accurately and 
quickly to determine the safety and performance character- 
istics of an englne-turhosupercharger installation. In 
specific cases it may he desirable to conduct conslderahly 
more te8t<« than specified, The scope of this report will 
extend only to that necessary to prove out a new installa- 
tion and to provide data for a check of the performance 
analysis of the installation. 



III. PRETLIOHT AHALYSIS OT M&IHB-^TUaBOSnPEBCHAaGXR 8T8TEH 



Perhaps the greatest value of the preflight analysis 
is its educating influence on the interested personnel. 
The flight test orev memhers are thereby forvarned of 
otherwise confusing phenomena and are consequently able 
to get good reliable data without wasting flight time. 
The preliminary analysis will indicate what data should 
be taken to draw curves for answering any specific ques- 
tion or to solve a given problem. The possibility of re- 
cording a great amount of useless data is eliminated. If 
the data are taken as planned, the work of final analysis 
will be simplified. The rapidity with whloh postflight 
analysis can be made, if the pattern for analysis Is al- 
ready defined, makes It possible to formulate Intelligent 
opinions and decisions before the next flight. Too often 
several flights of a program are finished before the re- 
sults of the first are analysed. 

A. Construction of the Combined Performance Curves 

In order to 'show the performance of the engine and 
the turbosupcrchargor on one curve sheet, coordinates 
must be sF'locted which are common to both. The co-^ 
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ordlUAtes us'^d here are air flov and car'buretor air 
Inlet pressure. Ixeepfe for duet leakaj?e, the velfcht 
fldv of air throueb- the ^compreesor Is the same as 
that through the engine. Also, the air flow, the 
fuel flov, and the vaete-gate effective area, deter- 
mine the flov through the tur'blne, ag^iln neglect Inp 
leakage. The carhuretor Inlet pressure Is the com- 
pressor discharge pressure minus the duct loss and 
interoooler pressure drop. Thus the engine and turho- 
superohar^rer -rarlahles "both may he plotted on the 
eame coorAl'nateA of air flov and cart^uretor pressure. 

In the case of an en|rino vlthout turhosuper charg- 
ing, carburetor pressure varies directly vlth alti- 
tude; the turhosuDercharger , however, Im-nosas a var- 
iable relation between carburetor pressure and alti- 
tude. As it would Involve a three-dimensional plot 
to Include altitude as a variable. It Iq held con- 
stant when constructing comVlned enplne-turbosuper- 
charger performance curves. An example of such a 
curve sheet Is shown on figure 10 for a constant al- 
titude. Normally these curve sheets are made at 
Increments of ^000 feet altitude. In constructing 
these curves, the performance data for the engine, 
the turbosupercharger compressor, the Intercooler, 
and the turbine are calculated separately and super- 
imposed on the single set of coordinates. 

1. Engine Performance 

Adequate Information must be obtn.lnpd from th» 
engine manufacturer on the air-flow characteris- 
tics of the engine. 'The necesq^i.ry. enplne curves 
are: An air-flow cdllbratlnn (air flow vs« 
carburetor air presdure at various engine speeds 
vlth corrections for (a) carburetor air tempera- 
■ ture, (b) exhaust back pressure, (c) effect of 
carburetor air temperature (C.A.T.) on manifold 
absolute "or^^ssure ^M.A.P.) lln^s); povpr calibra- 
tion of engine »t b^st power with corrections for 
variation In mixture strength, drnd specific fuel 
(Consumption against >3nglne revolutions per minute 
for constant horsepower lines. Examples of the 
forms used are shown In figuree 1, and 3« 



In xLBlng tixese date, they are first replfftted 
In the form shown in figure 4. The follovlng 
should be noted conoerning this englne-perf orm- 
ance plot i 

a. The data are for the sane carburetor mixture 
as the original data - generally best power mix- 
ture. 

b. The engine curves are full throttle or for 
one definite part-throttle position. 

c. The exhaust back pressure is assumed equal to 
the carburetor pressure. 

d. A fixed carburetor air temperature is aseumedi 
usually 100^ The change from one carburetor 
air temperature to another is usually accomplished 
by means of the relation 

Air flow^ Ta absolute 

Air flow^ " T^ absolute 

Performance of Turbosuperoharger Compressor 

Specification curves for the turbosuperoharger 
compressor will be supplied by the turbosuper- 
oharger manufacturer. Figure 5 illustrates one 
type of compressor performance curve. This chart 
is used to find compressor speed and discharge 
temperature for given operating conditions. The 
method is indicated by the example traced out on 
the chart. Sue to the variation of efficiency 
with the Maoh number, it is necessary to correct 
the speed obtained from the chart for Inlet tem- 
perature. A correction curve is provided. 

It will be noticed that the chart has been 
plotted using values of inlet temperature and 
pressure rather than altitude. This has been 
done so that inlet conditions other than those of 
the NACA altitude may be easily handled. Such 
conditions arise from the consideration of inlet 
ram and pressure drop in the inlet duct, from use 
of standard summer air and temperature rise in 
the inlet duct. 



Intereooler Perf ormanpe. 

Zhja desired leomplet 6 analrsls arei 

a.. The pressure drop of the engine air as a 

function of the *velght flow of engine air and 
the density at the Intereooler entrance and 
exit 

h. The Intereooler ef f eot Iveness i; vhlch Is de- 
fined as 




vhere 

temperature of engine air at Intereooler 
entrance 

temperature of engine air at Intereooler 
discharge 

temperature of cooling air at cooling air 
entrance 

The effectiveness depends on hoth the engine 
air flow and the cooling air flo»; the cooling 
air flov in turn Is dependent UDon the dynamic 
pressure of flight . the flight altitude^ and 
the Intereooler ducting. The Intereooler 
performance therefore "bpcnmes Involved in the 
aerodynamics of the alr*Dlan». Since this is 
the cnse, It Is usuaI to assume a pressure 
drop and a carburetor air temperature, 1 inch 
of mercury and 100° respectively, "being 
representative of good Installations. 

Turhlne Performance 

The function of the sup'^rchf'rger turhlne Is to 
furnish the pover reoulred hy the compressor. It 
affects the over-all pover plant chiefly "by the 
ha^k pressure It Imposes on the engine, and the 
limitation on the "range of of>eratlon determined 
hy the closing of the vaste gate. Thus, the Items 
of Interest are the noszle-hox pressure and tem- 
perature and the pover condition at vhlch closed 
waste gate ocoursp 



She turbine perf ormelzioe data bxb aupplied 1)7 the 
turboeuper charger manufacturer. Tlgure 6 lllus- 
trates one type of turbine' pprformance curve. The 
method of determining the nozcle-boz preeeure for 
a given condition is indicated by the example 
traced out on the chart. 

The two alti-bude sealee on the turbine chart 
are scales for the back pressure on the turbine. 
If, because of an exhaust hood or the pressure 
distribution about the airplane* this turbine dis- 
charge pressure differs from the atmospheric pres- 
sure . the altitude equivalent of the actual pres- 
sure would be ueed. 

The waste-gate position depends upon the dlf-* 
ference between engine exhaust weight flow and 
turbine weight flow, and leakage in the exhaust 
ducting. 

It is usually desirable, in calculating waste - 
gate position, to neglect leakage flow, and then 
to correct the waste-gate position obtained for 
an assumed leakage. Zxhaust leakage varies among 
similar installations and even from day to day on 
the same installation. Due to the uncertainty of 
this factor, it Is convenient not to introduce it 
into the calculations, but to take it into ac- 
count at the end in the form of a correction fac- 
tor. 

■ 

To calculate the waste-gate position: 

1. Determine the total exhaust flow by adding 
the engine air flow and the fuel flow, as ob- 
tained from the engine curves. 

2. Calculate the flnv through the turbine noz- 
zles. A curve such as that shown in figure 7,. 
together with the turbine nozzle effective area, 
can be obtained from the turbosupercharger manu- 
facturer. 

3. Subtracting the turbine nozzle flow from the 
total exhaust flow gives the waste-gate flow plus 
leakage flow. 

4. Assume leakage flow equals zero. 
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6. Ualng figure 7 and the same noszle-box pree- 
Bure ueed In step (3), the waate-gate effective 
area la oT)talnedt 

6. A curve auoh aa that ahovn In figure B may "be 
o'btalned from the turhoeuperoharger manufacturer. 
Ihla will give the waate-gata wgle oorreapondlng 
to thle effective area. 

7. A correction for leakage la now applied If 
dealred, The effective leakage area la eatlaated 
aa a percentage of the aum of the effective nos- 
zle area and waate-gate area (found In atep (5)). 
The effective leakage area la auhtracted from th^ 
waate gate area and the angle oorreapondlng to 
thla net waate«gate area la obtained from figure 8. 

6. Combined Performance 

To conatruct the combined performance curvea, 
llnea of conatant oompreaaor apeed, compreaaor 
dlaoharge temperature « noBale-hox preaaure. pulsa- 
tion, and vaate-^gate poaltlon aro euperlmpoaed on 
the engine curvea aa ahovn In figure 10. 

a. Compreaaor ap^ed llnc^a 

By meana of the compreaaor specification 
chart (fig. 5), aeveral polnte on a line of 
conatant compreaaor apeed can he found In 
terms of air flow and oompreanor dlaoharge 
preaaure for a given altitude. Aaauming a 
conatant repreaentatlve Intercooler preaaure 
drop, theae points can hp plotted directly 
on thp haalo air flow carburetor air prea- 
aure cQordlnatea. 

b. Compreaaor dlaoharge temperature 

Iilnea of conatant dlaoharge temperature are 
obtained In a almllar manner* 

c. VoBsle-box preeaure llnea 

Trom the turbine apeolf loatlon sheet (fig. 
6) I the noazle-boz preaaure la found for aev- 
eral compreaaor weight flowa at a given com- 
preaaor temperature rlae and altitude. Theae 



▼aluesi as veil ae those for several other 
temperature rlsest- b^vb plotted apalnet air 
flov for constant values of oonpressor texn- 
-oerature rise. Trom this plot, points of 
compreesor temperature rise aftalnst air flov 
for a constant no^zle-hox pressure can he 
read off. The temperature rise Is then eon* 
verted to compressor dlschar^^e temperature 
and the lines of constant nosvle-hox tsressure 
plotted on the combined performance sheet 
uslnfir air flow and compressor discharge tem- 
perature as coordinates. 

d. Vaste-^ate position lines 

The vaste-gate position must he c>f Iculat e<^ , 
as explained In section U ahove, and lines of 
constant vaste-g'^te angle plotted on the sheet. 

Use of the Comhlned Performance Curves for Frefll^ht 

Analysis 

1. Altitude Curves 

It has heen explained that the comhlned per- 
formance curves can he plotted only at constant 
altitude. It Is essential In flight test vork to 
predict the changes that take place In the vari- 
ables vlth altitude. To plot variable altltuc^e 
curves. It Is only necessary to cross-plot the 
various englne-turbosuperch^rper variables vhlch 
are shovn on figure 10. 

These curves can be used for predicting the 
data that will be recorded during a rated po^er 
climb, for Instance, and vlll varn of any limit- 
ing condition that might be approached durln^r the 
climb or during the level runs at any altitude. 
They can also be used for predicting critical al- 
titudes due to limiting turbosuperchar^er sT>epd, 
closed v'aste gate, or compressor pulsation. A 
method for estimating critical altitudes from the 
compressor specification curves Is given In sec- 
tion C, below.. 
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&ange of Power,' Cloaea Vaate ffate, and Pulsation 

Limit Buna at Cqnatant Altitude 

The oomT)lned perforjcanee oharta auggeat aeveral 
methode of olatainlng the dealred result a. Xaoh 
method haa Ita advantagea depending upon the use 
for which the data are Intended and the speed and 
eaai»"at whloh they oan'be obtained. 

a. Constant engine revolutions per minute 

This method of testing will provide data 
whloh may be easily eorrelated with the pre- 
flight analysis and will provide Information 
for flight operational Instructions. In this 
methbd, the manifold absolute pressure Is 
varied by means of turbo boost along a con- 
stant engine speed line. Approximately 
equally distributed test points should be ob- 
tained at each of the designated englne-rev- 
olutlons-per-mlnute values over a range of 
manifold presRUres. The following engine 
revolutions per minute should be tested- 
military, normal, and then further reduced In 
small decrements (usually 300 rpm). The Ini- 
tial manifold pressure at each engine revolu- 
tions per minute should be the highest permit- 
ted by the engine manufacturer for that revolu- 
tion per minute, and the lowest may be that at 
zero turbOBupercharger boost. The manifold 
presflure should then be reduced in decrements 
of approximately 4 Inches of mercury or In 
such decrempnts that four test points will 
cover- the normal (arpected- manifold pressure 
range. When the range 6t manifold pressures 
to be tested Is limited by closed waste gatci 
compressor pulsation, or system instabilities t 
It is then preferable that the Initial manl- 
• f old pressure' be the minimum and Increased In 
Increments until the limit ing' factor Is reached* 

b. Decreasing engine speed at constant brake 

mean effective pressure 

In this methodf the closed waste-gate line 
will be Interseoted at nearly a- right angle. 
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The procedure 1b ellghtly more difficult to 
perform slnoe an automatic control is not 
aTalla1>le for holding brake mean effective 
pressure constant and two controls must he 
adjusted to ohtaln the de'sired condition. 

o. Constant turhosupercharger speed 

Varying engine speed and turhosupercharger 
hoost so as to hold the turhosupercharger 
speed constant also results in a good inter- 
section of the closed waate-gate line. The 
method of control is the same as in "h**. 

d. Closed waste-gate line 

The easiest method of ohtainlng data at 
closed waste gate la hy operating along the 
closed waste-gate line itself. The method 
of getting onto the closed waste-gate line 
1b to reduce the engine speed to a low value 
and then apply full turbo control. With this 
oondltton, the regulator is calling for more 
pressure than la available and closes the 
waste gate. Points along the line may be ob- 
tained by increasing the engine speed in 
email Increments until limiting conditions 
are reached. 

e. Pulsation limit 

Under some coniltions on some installations, 
compressor pulsation will be encountered be- 
fore closed waste gate is reached. The com- 
pressor pulsation line is therefore a limit- 
ing condition and is determined by the pro- 
cedures as described above. 

Vote: The above tests should be conducted at full 
throttle; however, if part-throttle operation is desired, 
the above procedures may be repeated at the desired con- 
stant throttle setting. Additional charts slmi'lar to 
figure 10 will be required to show part-throttle perform- 
ance. 

C. Method of Estimating Critical Altitude on the Compres- 
sor Specification Chart (Tig. 5) 

1. Choose the engine pover for which the critical 
altitude is desired. 
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2n Ol)taln the corresponding weight flow from the 
engine curves • 

Z. Chooee an altitude near the expiicted critical al*- 
tltude. 

4. Bnter compreB-qor specif loat Ion chart at lower 

left weight flow scale, proceed yertloally upward 
to the altitude t emperaturoi horlsontally to the 
altitude ooffipressor inlet pressure, and vertically 
to upper right quadrant • 

5« Obtain required carburetor pressure from engine 
curves* 

6, Add estimated Intercooler and duct losei (usually 
assumed as 1 In. Hg). This gives the required 
compressor discharge pressure. 

?• Inter chart at the required compressor discharge 
pressure, proceed vertically upward to the alti- 
tude compressor inlet pressure, and horizontally 
to Intersect the line drawn In step (4) in the • 
upper right quadrant. This gives the first point 
of a line of constant mass air flow which Is 
equivalent to constant engine power. 

8. Repeat steps (4) and (7) for several altitudes 
until well above the expected critical altitude 
and connect the points to give the .constant mass 
air-flow line. 

9. Divide the rated oompreseor speed by the oorrec-^ 
tlon factor for the temperature corresponding to 
the expected critical altitude. 

10. Sketch the corrected speed on figure 5 and read 
the critical altitude at the intersection of the 
constant, mass air flow line with the limiting 
turbosupercharger speed line. 

11. If further refinement is desired, divide rated 
speed by the correction factor for the tempera- 
ture corresponding to the critical altitude found 
In step (10) sketch in the new corrected speed 
line, and read final estimated critical altitude 
from- inter section with air mass flow line. If 
the first sstlmation was reasonably close, this 
last step will be unnecessary. 
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12. Vote that ram at th^ compreeftor Inlet and Inlet 
temperatxirea differing from .standard altitude 
temperatures ma7'1)e taken into aooount In the 
process If desired. 

13. Crltioal altitude caused I37 oompresBor pulsetlon 
will "be evident If the plotted constant air mass 
flow line crosses the pulsation line on the chart. 

D. Method of Estimating Critical Altitude from the Com- 

hined Performance Chart (71^. 10) 

1« Straight -line Interpolation hetween the charts is 
sufficiently accurate for estimating critical 
altitude. 

IT. HB^UIRED'lirGinX-inRBOSUPBRCHARGEa TESTS 



The prohlem of reducing the human factor Is as im- 
portant in flight test procedures as.lt is on data record- 
ing (as described in sec. V). Procedures iicust he de- 
veloped and thoroughly . indoctrinated In the fllgbt per- 
sonnel to prevent errors in decisions and ohservatlons 
made during the flight. The flight crew must understand 
the specific problems of each test and understand what 
the data are expected to demonstrate or prove. Developing 
such an understanding of the tent will prevent irrational 
test in flight and will qualify the flight engineer to 
make unscheduled checks In flight necessary to explore 
any peculisr condition. The greeterthe effort toward 
educating flight personnel the better and more economical 
will the test become. ■ 

In general, some important variable should be held 
constant while other variables are varied to obtain the 
desired curve. Before flight it should be decided wh&t 
is to be proved or learned by the test. The analysis 
engineer should establish the curve? necessary to prove 
the given problem. The flight engineer is reauired to 
take data from which these curves may be drawn. 

The following will describe tests necessary to estab- 
lish the over-all englne-turbosupercharger performance 
from the standlpolnt of proving out the installation with 
respect to safety, cooling and mechanical operation, as 
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well as engine^tur'bosupercharger performance. Additional 
teste may "be neoeesary to anever epeeific queatione and 
to pr^qylde. complete deelgn performanoe data but are not 
included in thie report iT " ^ 

Engine-tur1>oeuperchareer combination teete ehould be 
divided into tvo general olaeeif loat ione : 

A. Installation Xeets 

Performanoe Teats 

The following tests should be run for both the above 
olaesif loations ; 

around test on engine nacelle test stand (if avail- 
able) 

around run with installation in the completed air- 
plane 

Flight tests 

The background for the high-altitude flight testa 
will be the ground and low-altitude testa. Thia ahould 
aufflolently prove the inatallation so that high-alti- 
tude tests can be free from as cany uncertainties in the 
installation as la posaible. 

A. Installation Teste 

1. Engine Nacelle Test Stand 

a. Tunctionnl operation of installation 

bf Functional performance of component parts 

(1) aeneral operation of engine (oarburetion, 
cooling, and accessories) 

(2) Ducting -r leakage In exhaust and induc*- 
tion systems 

(3) Oeneral operation of turbosupercharger 
system (lubrication mechanical operation 
of turbosupercharger, wheel temperature, 
exhaust flaming, etc. ) 



c 



Speolal tests 



(l) To 1)6 decided by agreement . "betveen Inter-* 
ested parties 

d« Sata to "be o'btalned 

(1) Record all data, of seotlon TI A and B 

e. Test procedure 

(l) Bun various speeds and vo^evB as rGcom- 
mended "by engine and tur "bo supercharger 
manufacturers. 

2m Inglne turbosupercharger installation ip comT)leted 
air-nlane. Tests to "be conducted should he similar 
to those of the ground test stand. 

3. Flight Tests 



These should Include tests similar to the 
ground tests and should include aerodynamic and 
altitude effects on the Installation. Check 
functioning of all instrumentation and test pouIt)- 
ment. Action of povpr-Dlant controls, and their 
characteristics should be noted. 



performance Tests 



1. Engine XTacelle Test Stand 



a. Bequlrements for take-off 



b. Special tests 



(1) To be decided hy agreement between Inter- 
ested parties. 



c. Data to h^ obtained 



(1) Record all data of TI B and if desired 
71 A. Basic engine data are necessary; 
the other data vill Drovlde an ou-oor- 
tunity to vork out instrumentation 
prohlems anA techniciue. 



d. 



Test procedure 
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(l) Rub various povarn to oover as wide a 

range as possl'ble of exhauet back pree-- 
eurea, carburetor air preaaureflt and so 

^ " forth'. " • 

a. Snglne-turboauparoharger Installation in completed 
airplane, Teata to be conducted should be aimllar 
to thoae of the ground teat a.tand» 

Z. Tllght Teata 

a, Lov altitude flight (belov 15,000 ft) 

(1) Take-off a for the fir at flighta of a 

turbo installation ahould be made vith 
the turbo oontrol in the low boost posi- 
tion. Use turbo for take-off only after 
the aafe functional operation of the 
power plant ha? been proved in flight. 
At altitudes below 15,000 feet set rated 
and military pcwer at full throttle, 
turbo as reauired, mixture as apecifiedt 
Take photoa of inatrumenta. In thia 
flight, check functioning of all instru- 
mentation and test equipment. Action of 
power plant controls and their charac- 
teristics should be noted. 

(3) Flight test? should be made to conform 
to the data as described in III B of 
Freflight Analysis. Pulsation is not 
likely to be encountered during these 
low- altitude flighta. 

(3) Data to be obtained 

(a) Hecord all data of aeptlon VI B and 
if dealred VI A. 

(4) Frocedurea 

(a) Same aa described in this section 
under high- altitude flight 

b. High altitude flight (above 15,000 ft) 



(1) Performance testa desired 



<a!) Critical altitudes 

(l)} Closed yaete^gate llnee 

(e) Fuleation llhee. 

(d) Power .accelerating oh&ract er letloe 

(6) Power-control eharap.terlfltlos 

(f) Special teste 

Methods of obtaining desired results 

Tbo object of teste (l) (a), (b). 
«nd. (e.) above should be to 'provide 
checks on the preflight analysis 
discussed in section III* The data 
required will be determined by run*- 
. nlng conetant englne-revolutlons*-per" 
Klaute llnefe in level flight at 
various altitudes, usually in 5000 
feet levels. From these data the 
.iteme of (1) (a), (b), and (c) 
abpve may be determined. 

(a) Data to be recorded: All readings 
indicated in 71 B and if deeired 
VI A. 

(b) Test procedure: 

At full throttle, mixture as spee- 
ifled for the engine revolutions 
per minute, intercooler shutter 
open, the following procedure should 
be followed: 

Set engine revolutions per minute. 

Adjust turbosupercharger boost 
until limiting manifold pressure or turbo- 
supercharger speed is reached. Allow a 
short period of time for stabilisation. 
Becord data and decrease manifold pres- 
sure appr orimat^ly 4 inche-n of mercury* 
Repeat un>tll the desired manifold pres- 
sure range is covered. The above pro- 
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cedure should Tse" repeated at the dealgnated engine 
revol-at-.lona per minute until closed vaste gate, 
coniTjresaor pulsation, or system inatahlllty he- 
comes a limiting factor. At these points It has 
heen found adviaahle to start at the minimum mani- 
fold pressure and Increase until the limiting con- 
dition is reached. 

If fouad necessary, the ahove •orocedure may 
"be repeated for part throttle o-peration and/or for 
checking effect of intercooler. 

By proper coordination of the test the ahove 
procedure may he quickly accom-oll ghed . Su( h data, 
incluAlDf? stahlllzat Ion, have heen obtalnea at a 
rate of less than 2 minutes per condition. Cer- 
tain data may he o>t<ilned hy methods other than 
"aren." (i.e., constant engine rpm) testing. Thus 
for data at specific operating limitations the 
procedure Is a? follows: 

Critical Altitude (max. limiting turhssupercharger 
speed) 

Prom the level flight data critical altitudes 
may he accurately estimated hy interpolation for 
all povers. Vheu data at critical altitude are 
required, short constanb -never , constant tpvoIu- 
tion per minute climbs may he made so that data 
iprlll bracket estimated critical altitude. 

For example, a military pox"er critical al- 
titude climb would proceed as follows: 

From level flight data or preliminary anal- 
ysis estimate the military power critical alti- 
tude. At an altitude of ap-proximat ely 5OOO feet 
below estimate set military -po^-'er on test engine 
at full throttle, mixture as specified, and so 
forth, and begin climb. 

Take reedlngs every ^00 feet altitude. When 
the maximum turbine speed Is reached, take read-<- 
ing and regulate turboFuper charger revolutions 
per mlnuto to this constant value. Continue to 
climb and reduce pover to rated conditions at end 
of 5-mlnute limit. 



Limiting PoverR-as Determined "b^ Cloaed-Wast e- 

Gate Lines- 

The following procedure should "be used to 
e8taT)li8h a cloeed vapte<-gate line. Closed waste- 
gate conditions are the only turlDo conditions that 
are sensitive to changes in ram. Bamg therefore, 
should he held constant or allowed to vary ac- 
cording to normal change in speed with change in 
power. 

Hold the airspeed constant on multlenglne 
airplanes. Hold airplane altitude constant, open 
throttle full, mixture as specified, intercooler 
shutters full open. 

Reduce turho "boost to low position. Reduce 
engine revolutions per minute to a low value 
(e.g., 1400). Specific values are used for il- 
lustrative purposes only. Advance turhosuper- 
charger boost to the high position. (The first 
motion of the "boost control causes a slight in*- 
crease In engine power and the regulator closes 
the wa-pte f^flte. Any further motion of the hoost 
control has no effect whatsoever on the power 
condltlono Vrom. now on through this curve the 
regulator is inoperative.) Take a reading at 1 
1400 rpm. Advance propeller governor control to 
give 15C0 rpm (at closed ^^aste gate the excess 
ey'-iaiist gsR avnllahle to accelerate the turho- 
supercharger is practically nil; trpm will in- 
crease slowly). When turhosupflrcharger revolu- 
tions per nlnut? nuve increased and stahilized, 
take reading. 

Increase en^*ine revolutions per minute to 
1600. Allow turhosupercharger revolutions per 
minute to stahillze and take reading. 

Increese engine revolutions per minute to 
1700 (or enough to cause rise in carhuretor air 
pressure of approx. 4 in. Hg). Take reading. 
Repeat process until condition is limited hy ex- 
cessive manifold absolute pressure or compressor 
plusation system instability is reached. As soon 
as the run is complete retard turhoaupercharger 
hoost control so that excessive manifold ahaolute 
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presQwre will not "be deTelopeA In the event that 
the enf^lne revolutions per minute should he In- 
oreaaed further, 

TechniCiUe for determining accelerating character- 
istics 

Hecord time In seconds to move control to 
nev position and additional seconds for system to 
reach nev condition. Take all readings Indicated 
In VI B. 

Adjust turhosuperchar^er control to give de- 
sired pover (e.g., normal or military) vlth throt- 
tle vide open. Close throttle, leaving: tur"bo- 
superchar^er control set. Do not exceftd critical 
turhoBuperchar^er revolutions ner minute and keep 
well out of pul'sc^tlon. Open throttle as fast as 
practlcahle, A similar procedure should he em- 
ployed to deterTnine tbr; time to ^:overn from low 
to hi^h powers anc^. high to Inn. Tests should he 
repeated at several altitudes. Immediately unon 
attaining the dssirr-d altitude and after 1^ min- 
utes at altitude, 

f^n alternate test vould "be t o determine the 

time requirBd to ctan.":e fmn crulsilng engine 

pover condition to normal or military condition 
^«'lth varying engln?: speed., 

Ad.-^ust •cover -olant controlB to give normal 
cruising -oover with full throttle and record time 
in seconds to move controls to nev position and 
additional seconds for system to reach new con- 
dition. Take all readings indicated in 71 B. 

Repeat the ahove procedure for several dif- 
ferent sequences or techniques of pover plant con- 
trol operation. 

Tests should he repeated at several alti- 
tudes, immndiatsly upon attaining the desired al- 
titude and after 1^' minutes at altitude* 

Procedure for investigating control characteris- 



tics 
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Sue to the consldera'ble num'ber of regulator 
types now aTallal>le, It le not practical to give 
all test procedures In this report. In general » 
the procedure should consist of determining the 
validity of the manufacturer's specifications hy 
cllm'blng at constant regulator control settings. 
Also the eta'blllty characteristics during steady 
and transient conditions should he observed dur- 
ing tests hy continuous photo recording. Xx- 
ternal influences such as control cables, rods, 
cockpit controlsi and so forth, should he eval- 
uated In appraising the characteristics of regu- 
Ifit or . 

Take all readings Indicated In TI B. 



T. lUNDAMEITTAL 07 ACCUBITE DATA SECOEDIHO 



A. Personnel Instruction 

The personnel In charge of specific ohgervlng sta- 
tions should he qualified hy previous test engineering 
and demonstrated rellahlllty on previous flight tests. 
Unless indoctrinated hy immediately preceding fllghtSi 
they should he given detail instruction on their 
dutiPF? and their share of the flight program and Its 
Importance to the final results. 

B. Mechanical Hecordlng of Data 

The recording of performenoe data must he free of 
human errors , and accomplished hy synchronized me- 
chanical means. This necessitates full photo and/or 
chart recording of data. In all cases automatic 
temperature recording should he used If available* 

Even under the ideal conditions of comfort and 
epROe found on a test stand, manual data recording 
cannot hope to compete with the accuracy and speed 
of a photo recorder. In- an airplane, working condi- 
tions are much vorse and manually recorded data be- 
come bad at best. Accurate analysis is almost im- 
possible with manually recorded data. Fhoto record- 
ing leavef) the flight engineers free to handle their 
job - that of observing (instead of hurrying to get 
manual readings while something Important Is being 
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missed). Photo recording does not eliminate the 
flight engineer. It makes his position more valuahle 
in that It leaves hl'm fxee tO' apply -engineering su- 
pervision Instead of push a pencil, 

'So manual data should he taken except that vhlch 
Is required to prjDvlde a log of the flight. It def- 
initely compromises the decisions made regarding the 
flight and often reflects personalities rather than 
facts. 

Synchronization of Headings 

If mere than one photo panel Is used, all cameras 
must hy synchronised to take a picture at the same 
Instant of bime so that all data will he properly 
correlated. This one item - coiTelatlon of all data 
with roF^paob to time will Improve the conslstf^ucy of 
data more than ?wny other procaublon. 

During a recent series of tests an automatic con- 
tinuous strip recorder was used to record engine data. 
A slmulf.t9d hrako mean effective pressure^ revolvtlons 
per minute curve (similar to many actually ohse-.ved) 
will "be drawn for illustrative purposes. The fore^ 
going record (fig. 9) wasi Tr.ade fcr a supposedly con- 
stant, etahle power condition. Hotlce that three var- 
iations or cscillationu exist. The minute fluctua- 
tions due to inotrument vitration are URually incon- 
sequential and can be areraeied out hy reasonahly long 
exposures. Il'he cycle observed "be^-ween A and B -cakes 
place over irregular internals az.d is easily distin- 
gulshahle. 37he cycle hctween 1 and 2 Is likewise 
readily observed ana is at specified test condition. 

Now suppose that one ohserver Is recording revolu- 
tions per minute eech minute; another is recording 
hrake mean effective prcssurp, at a different station, 
each minute. If the revolutions per minute recorder 
makes an ohsrrvatlon ab C and a few seconds later the 
hrake mean effocblve pressure recorder takes his oh- 
servation at D, the product or brake horsepower will 
he tsonsiderahly in error for either Inetaab. 

(Even on a test stand where all conditions can he. 
accurately controlled^ these variations can he de- 
tected. In flight where conditions cannot he con- 
trolled, such variations are accentuated.) 



In the paeti flight teste were only functional 
ohecksi and elnoe no analyela vae Intended eueh errors 
were tolerated* With the present trend toward eclen- 
tlflc analysis of all flight pro'blems, It Is Imper- 
ative that the data he equal to or of greater accuracy 
than that needed for the type of analysis planned. 

A word nust he said ahout temperature recording. 
Exact correlation with respect to time is not essen- 
tial. Unlike manometers the t eirperature readings are 
not a function of the acceldration of the airplane or 
roughness of the air, nor are temperatures noticeahly 
responsive to variations in power that occur over a 
period up to 5 or 10 seconds. (See A to B, fig. 9.) 
They are renponaive to changes in power that occur 
over a period more than 15 seconds. (See 1 to 2| fig* 
9.) It Is ohvlous that correlation within a few sec- 
onds of time is sufficiently accurate for temperature 
recording. When an automatic recorder is used many 
temperatures may he taken and several complete cycles -may h 
made during the running of a curve. The potentiome- 
ter operation should "be adjusted to cycle bhe perform- 
ance data during the interval of photo ohservatlon, 
and the general information readings may he spaced 
hetween such ohservat ions • 

When an automatic recorder is used, the frequency 
of cycling should he fast enough so that the tempera- 
ture may he taken off the chart at the time nearest 
the photo exposure without plotting the temperatures 
against t Ime^ 

Any manometer station should he equipped with a 
sensitive vertical accelerometer . Any photo which 
shows an acceleration (vertical) greater than 0»02g 
should never he transcrlhed unless suitahle correc- 
tions can he worked out and applied. The manometer 
ohserver should he second to the engineer conducting 
the test in experience and knowledge of the test and 
should opera-ce the master svrltch for the cameras. 
The manometers are the most responsive indication of 
flight variahles end must he correctly ohserved to assure 
t.het- the data will he useful. It is useless to 
take data while large oscillations occur at the manom- 
eters - unless, of course, specific oscillations are 
helng investigated and a motion picture camera is 
helng used. 
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The extreme value of eff ect.lve technlq,ue In- record- 
lug data cannot be overea tliuat ed . Constant thought 
and training must Ue. applied to thla Item. 



TI. HZASUHEH^NTS TO HSCOHZ) 

Installation Data (Preliminary) 

The follovlng measurement b will provide Informa- 
tion pertaining to the safety and mechanical design 
of the installation yhlch must he checked at the 
start. These reading's need' not he ohserved simul- 
taneously nor mechanically I but should conform to 
the accuracy requirement of the performance data, If 
necessary. The number and nature of readings to be 
observed should be specified and agreed upon by the 
engine, turbosuperchar :;cr , r.nd alzplane manuf actv rer e • 

1. Engine ?ata 

a. Engine cylinder head and base or coolant (in 
and out) temperatures 

b. Sn^^lne oil temperatuves 

c. En^rlne oil pressure? 

d. Intake manifold temperature and pressuro 

e. Ifuel-alr ratio by thermal conductivity or 
fuel flow rate 

f. Xxhau&t back pressure at engine 

g. Baffle or radiator pressure drop 
3« Turbo Data 

a. Oil syntem temperatures 

b. Oil system pressures and/or flow 

c. Temperature of the turbine parts; vheel, 
nozzle box, boat shields, eyhauet manifolds; 
and so forth 

d. Temperature and flow data of the turbine 
cooling system 



3. Suot Data, Leakage Tests-, fzveaBure Xosa, Velocity 
and Xemperature Surveys 

am Compressor inlet duct 

I). Compreseor to carlsuretor duet 

c. Interoooler cooling air duct » in and out 

4. Aircraft Data 

ai Metal temperature of housing, shields « shrouds, 
and so forth, around exhaust system 

1). Skin temperature of nacelle or structure im- 
mediately around, and aft of the exhaust dis- 
charge passage 

Performance Data 

!Fhe following measurements are the minimum required 
for performance analysis and must he measured accu- 
rately and simultaneously • 

1. (rsneral Data 



a. 


Time hours, minutes, and seconds 


t. 


Pressure altitude 


c. 


Atmospheric temperature, free air 


d. 


Indicated airspeed 


e . 


Engine revolutions per minute 


f . 


Brake mean effective pressure or engine torque 


g- 


Throttle position 


h. 


Mixture setting 


1. 


Waste gate position 


J. 


Turho revolutions per minute 
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k. Car'burotor air flow 

- l-. •Oap'bii.retor- -fuex -f low - 

2. Preeeuree (all slilelded total head except where 
noted ) 

a« Compresaor inlet, aheolute or differential 
above air static 

h. CompreBBor outlet » abaolute or differential 
above air static 

c. Carburetor inlet, absolute or differential 
abcve aLr static 

d. No<,7le'-bo7 inlet , absolute or differential 
above air static. 

e. Turbine exhaust tall-pipe pressure 

f. Manifold, absolute incnes of mercury (static) 
Intercooler eng;lne air drcpi differential 

h. Intercooler coolin-; air drop, differential 
B. Tomporatures (deg ¥ or 0) 
a* Compressor Inli^t alx 

b. CompLesRcr outlet air or coaproosor air rise, 

dif i^ei ent iai 

c. Carburetor inlet air 

d. Exhaust gf-.s nosrsle box 

e. Intercooler engine air drop, differential 

f. Intercooler cooling air rise, differential 

VII. INSTHUKEKTATIOH (MB3H0DS Off MBASUEEMBNT5 ) 

It is patent that flight type of service instruments 
can form the backbone of the instrument setup, and they 
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should oe used v/here suita^ble. Due to mandatory mechan- 
ical recordinjg, any manually iDalanced or adjusted in- 
struments such as conventional potentiometers are ruled 
out. All instruments must he of the direct indicating or 
automatically recording type. Special non-service appa*- 
ratus should he checked carefully hefore use for possihle 
errors due to shift in position, acceleration in all di- 
rections, vihration, rapid change in a'moient temperature 
and pressure, and so forth. The use of manometers is ao- 
c^ptahle vjith certain limitations (see helow) hut .the 
aneroid or airspeed type of pressure gage is much more 
convenient and requires no engineering attention during 
ohservations • 

If an accurate difference is required, such as the 
pressure drop across an intercooler, or the temperature 
rise in the compressor, it should he measured as a dif- 
ference directly rather than derived from the difference 
of the two ahsolute readings involved. This need not he 
an extra instrument as one of the ahsolute reading in- 
struments, sometimes hoth, are eliminated. 

A, Pressures 

All pressure taps in the engine air and induction 
system should he shielded total-head type except 
those in the manifold. 2he shielded or venturi type 
consists of a small impact tuhe mounted with the open 
end at the throat of a small venturi and the v;hole 
unit mounted in the air stream* This type has the 
advantage of heing comparatively insensitive to 
changes in angle hetv/een direction of flow and axis 
of impact tuhe. 

The tuhe connections to the instruments on the 
photo panel- should have a minimum inside diameter of 
0^18 inch. Bn^Alsr holes than this are very suscep- 
tihle to accunuiat 1 on of sltigs of liquid and are 
hypersensitive to minute leaks in bhe system. There 
are some remote indicating electric presf?ure gages at 
present availahle which may he used provided their 
reliability and tempeJrature staoility are assured. 

In deciding upon the point of measurement, con- 
sideration should he-gives? to the turhulence and 
stratification present, and to the presstire rise or 
drop hetv/een the point' of measurement and the point 
. at v/hich the pressure is desired* Although the 
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normal rules are g:enerally xiot practica'ble in ai.rplane 
installation, the following principles should he con- 
sidered : 

1, Measurements should he made as far downstream as 
poBsihle from any hends or ohstructions , prefer- 
aoly 10 pipe diameters* 

2* Measurements shoxild not he closer than S pipe 
diameters to a downstream hend or ohstruction* 

3. Measurements should not he located close hehind 
temperature measuring elements or any other oh-- 
struction . 

4. Impact pressures should he mee^sured at a point of 
average velocity, normally at an immersion of 15 
percent of the pipe diameter unless otherwise in- 
dicated hy the duct surveys mentioned in VI A 3. 

It is definitely recommended that pressures included 
in the performance data he measured hy flight type of 
anercid or differential pressure gages, such as the ah- 
TrOlute manifold pressure gage and the indicated airspeed 
gD^e* The latter should he calihrated in inches of water 
or inches of mercury. 

Altitude should ho indicated hy a sensitive altimeter 
or its equivalent connected to the static tuhe of the air- 
Sx^eed headc 

If manometers are used, they should he of the single- 
le^; reservoir type arranged in a closely spaced hank and 
have hoth end manometers of the hank connected to the air- 
speed static pressure^ A simple vertical accelerometer 
and pendulum inclinometer should he installed on the 
hoard and, in addition, should he shown in the photo. 
Various means have heen successfully used for transcrih- 
itir% such iranometer data, the simplest of which appears to 
he a ground-glass screen ruled with a graduated scale 
completely across the face and used in a projection 
viev/er in conjunction with gage-point markings on the 
manomoter hoard for adjusting the enlargement to the cor- 
rect scale. The ruled ground glass can then he shifted 
to index v/ith the two static manometers, which permits 
all the other manometers to he read directly from the 
scale* No data should he transcri'bed if appreciah'le 
noQcl t^vckti (\r .is ind"»C8t**d or If the^ inclinometers are not 
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square vlth the Indexed scale. Sulta'ble low-temperature 
fluid should "be used. Water traps should te avoided and 
all pressure lines should be checked for their existence 
at frequent intervals as well as for leaks and proper con- 
nections in the lines* 

B. Teinperatures 

Except for exhaust pas, all temperatures should he 
measured vlth either iron constantan, ccpper constan- 
tan, or coppp^r copnlc thermocouples or small resist- 
ance hulb elpments. (iulck r-^cording type instruments 
are available, which are satisfactory for flight 
service, that vlll work with either t eicTiarature nen- 
sltlve elen«*nt. Such a recorder can be employed to 
take all temperatures by the proBer grouping of the 
cequence of observations so that the -nerformance data 
temperatures ar?* observed at a'n'oroxlmat ely the same 
time the photo ree dinars are made • 

1. In fighter-type aircraft therr is seldom room to 
install such recorders In addition to a photo 
panel. In this case direct indicating instru- 
ments for temperature are required on the photo 
panel and all perf ornrancfl data temperatures may 
be taken by resistance bulbs in conjunction vlth 
ratio-type indicating meters, Vest flight type 
of indicating thermocouple meters are unsat Is- 
fj9ctory on accuracy and stability counts for this 
use • 

2» Exhaust-gas temperatures and metal associated 

therevith should be taken by using chi^omel-alumel 
thermocouples used vlth the arproprlate instru- 
ments. Since most of these t emper<i.tur es are in- 
formative data they may be manually observed vlth 
an indicating- or potentiometer-typo instrument, 
but the nozzle-box inlet temperature should be 
indicat<='d on a cold Junction compensated mllli- 
voltmeter on the photo Panel and employ a shielded 
type of thermocouple in the exhaust pipe. (See 
p. ^4 for raforence 1.) The shielded couple is 
essential to reduce the error due to radiation to 
the much colder pipe, an error vhlch may amount 
to 200^ V in some installations. 

3, It is highly desirable to take differential tem- 
perature readings on the compressor r i-^e an^ the 
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Intereooler dropa« Thle may readily "be aooom- 
pllshed.'by using Iron-oonsbantan thermocouples or 
their ea.ulvalent arranged In serl'ee'lrit'h" all the 
oold Junctions on one side and the hot Junctions 
on the other side of the heat exchanger, turho, 
and so forth. Copper leads should he used from 
the harness and the Junctions hetveen copper and 
thermocouple vlre must he made In the aame duct 
and located together as they form the equivalent 
of one Junction. Xhe output from the copper 
leads Is connected to a standard mllllTOltmet er 
on the photo panel, This system- has the advan- 
tages Of multiplying the voltage avallahle- thus 
allovlng the use of a rugged meter vlthout los- 
ing accuracy or sensitivity, eliminating the cold- 
Junction compensating errors, and providing an 
averaging means for sensing the temperature In 
various places In the ducb. It Is not essential 
to use special Instrument dials graduated In tem- 
perature as the over-all calll^ratlon curve can he 
used instead of the usual callhratlon correction 
curve. At least five pairs of couples should he 
used for coiapressor rise and engine air drop in 
the intereooler. 7or measuring the cooling air 
rise throughout the intereooler the numher of 
couples reauired depend on the ducting setup. In 
the usual case, where the cooling air discharges 
into a plenum chamber, a minimum of 13 to 16 
pair? of couples should he used and spaced sym- 
metrically with respect to the intereooler face 
60 that each couple is located In the middle of 
an equal flow area. The couple vlre may he 
threaded through the air channels and Joined 
ahout an inch or so away from the face. 

Bates and Position Indicators 

Those items can employ standard flight Instruments 
which have heen carefully inspected and checked for 
calibration and stahillty. 

1. Time - Standard aircraft clock with a second hand* 

2. Engine and turbine revolutions per minute may he 
indicated with direct-cable connected instruments 
or remote indicating electric-type instruments. 



3. Tuel flow may "be indloated "by one of several 
types of meter. - None of the commercial articles 
have reached the point of reliability and accu- 
racy which is desired yet they still contribute 

a valuable indication affecting engine functions. 
A direct reading meter on the photo panel is es- 
sential for this instrument. 

4. Indicated airspeed may be taken by the usual air- 
plane instrument.. Only on airplane performance 
tests is exact airspeed required. 

5. Carburetor air flow should preferably be measured 
by the use of venturi meters in the duct between 
intercoolers and carburetor. An adrepaed head 
may be used for the pressure differential reading. 
This meter should be calibrated against standard 
orifice meters in association with the Inter* 
coolersa ductsi and carburetor scoop assembled as 
used in the flight installation. 

5, Carbur et or^ throttle position, waste-gate position, 
mixture-control setblng, and various other re- 
a_ulred position Indications can be handled by 
either direct mechanical linkage (where feasible) 
to the photo panel, or by the use of Saloyn or 
A.utosyn remote indicating equipments 



VIII. P&ESBNTATIOIT OF HBSUITS 



Tabulation .-^nd Plotting of Test Data 

The reduction of test data must be designed to 
permit speed, accuracy, and usefulness of the test 
data. It is essential that data be available and 
ready for analysis as soon as possible after a flight, 
and preferably before the next flight of tho program. 
These requiroments demand that transcript o.i of the 
data be accomplished immediately after lauding. In 
order to be organized in useful form, the performance 
data must be segregated from the installation data 
and tabulated (corrected for Instrument error) in log- 
ical order on a performance data sheet. 
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Plotting of Perfor^nance Data 

a; ■ For oliml),^ plot tb.o following againut pres- 
sure altitude." (See fig. i5») 

Engine "brake horsepower 

lur'bo speed 

Vaste-gate position 

Indicated airsp^^ed 

Manifold pressure 

Compressor discharffP pv^ssure 

CcTLr"buret or pressure 

Ho z ale- 'box pressure 

Compressor inlot pressurn 

Standard atmospheric prf^Rsure- (reference 2) 
Exhaust pas . t ^mperatiure at nozzle "box 
Compressor discharge temperature 
Carturst 'ir t omperature 
Corpressor inlet temperature 
Outside air temperature 

Standard atmctsphcric temp«irature .(reference 2 

"b. For a series of Ifv^l flights at vo-rlous 

en^in*^ povers, it has "been found very useful 
to "olot tlie "basic data listed a'bove against- 
turtine rrvolutions per minute for a giT#»n 
altitude. ExamiDles are .sJiovn in figurea 11^ 
1?. 13. and lU. 

c. Corree.t all curves in a and above for 

dd-riation of outsid«) atr temperature from 
BACA standard temperature and replot. 
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2p General Operating Conditions of Installation 

a. Cooling: (XnglnOi turbosuperchargers » ex- 
haust shrouding, magnetos, generator, etc.). 
Plot all available data against pressure al- 
titude for constant engine power, Indicated 
airspeed, covl-flap position and flight con- 
dition (cllml) and level flight). 

h. Lubrication: (Engine and turhosupercharger 
oil systems). Plot data against pressure al- 
titude and time for rated power ollmb and 
normal descent from altitude. Plot against 
time for military, rated, and cruising power 
in level flight at maximum altitude. 

3. Ground Tests 

a. Plot variables as listed in 1 above against 
manifold prsssure each for constant engine 
revolutions per minute. 

4. Plight 

a. On installation tests the data should be 
plotted as in 2- and 3 above* 

b. On performance teste the data should be plot-, 
ted as in 1 above. 

5. Special Tests 

a. Special te^ts will be plotted according to 
agreement between interested parties. 

B. Presentation and Analysis of Results 

1. Curves plotted in A. above are presented as re- 
sults as well as serving as a source of data for 
calculations and for cross-plots are shown in 

figure 15, 

2, Correlation of flight-test results with those ar- 
rived at in pref light analysis: The data obtained 
In level flight should be reduced to the condi- 
tions assumed in the prefllght analysis and 
plotted on the combined performance charts (fig. 
10). The degree of correlation and consistency 
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Various plots of one slgnlfloant ▼aria'ble against 
another may "be used to provide data from vhloh to 
-plot special ourves on.th^ . "bajBlo air flow atid 
oar'buretor pressure ooordlnatee. Tor example, 
plot vaste-gate position against engine speed at 
constant turl>osuperoharger speed so that waste- 
gat exposition lines may "be plotted on the liasl'o' 
englne*«tur'bo8uperoharg6r ourves. Plots of In- 
stallation data to prove safe and normal funo- 
tlonlng of the Installation should "be oonetruoted 
to suit the particular conditions InTolved. 

In general, the final analysis will follow the 
form of the pref light analysis. The practice 
will Insure rapid Interpretation of the results 
and the analysis of the data. 
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